Amphibolites included in the Ossa-Morena/Central Iberian suture of SW Iberia offer the opportunity of investigating the subduction and collision events, followed by exhumation, which affected this major boundary during the Variscan orogeny. This suture contact is marked by a band of highly deformed and metamorphosed rocks, namely, the Central Unit. The main deformation affecting this unit is a ductile shearing that produced an intense planar -linear fabric. This shearing has two components: a dominant left lateral one and a subordinate dip-slip normal one, which can be taken to be responsible for the exhumation of this unit in Devonian -Carboniferous times.
Introduction
The study of the metamorphic and structural evolution of basic rocks occurring in mountain belts provides information on possible subduction and collision events as well as on the subsequent exhumation of these rocks. Basic rocks, when compared with metapelitic ones, usually preserve some parageneses generated during the prograde metamorphic evolution, i.e., subduction and early collision, thus complementing the data obtained from metapelitic assemblages, which are more often than not related to the exhumation history. Combined geochronological and metamorphic studies on both metapelitic and basic rocks can be regarded as a powerful tool when reconstructing P -T -t paths in orogenic belts.
Estimation on the precise P -T paths coeval to these orogenic processes has been traditionally based on inverse modelling thermobarometric techniques. This method is both simple and fast to apply once chemical equilibrium is assumed to have existed between the minerals of interest. The main drawback, however, is the thermodynamic inconsistency of this latter assumption (Connolly et al., 1994) as well as the lack of appropriate thermobarometers calibrated for the mineral compositions observed in many rocks (e.g., some amphiboles found in amphibolites). The computation of phase diagram sections for a specified bulk composition (pseudosections) offers a thermodynamically valid alternative to the use of thermobarometers and also of conventional petrogenetic grids, calculated for all possible compositions within a chemical system (Connolly and Petrini, 2002) .
Pseudosections calculated for metabasites are scarce (Kerrick and Connolly, 2001; Carson et al., 1999; Guiraud et al., 2001) owing to the lack until recent times of both appropriate thermodynamic data and solid solution models for the minerals of these rocks, especially amphiboles; on the other hand, difficulties arise from computing the behaviour of mineral assemblages during metamorphism at H 2 Osaturated and H 2 O-nonsaturated conditions (Guiraud et al., 2001) .
In this work, we calculate pseudosections for basic rocks included in the Central Unit, one of the main suture contacts in the SW Iberian Variscan fold belt. These basic rocks are relatively well known especially from the standpoint of their structural and retrograde metamorphic (Abalos et al., 1991) evolution. We provide new data concerning the prograde stage of metamorphism and the influence of the fluid phase in preserving the high-pressure assemblages found in the rocks.
Geological setting
The Iberian Massif (Fig. 1a) comprises the most extensive outcrop of the Late Palaeozoic Variscan belt. Several zones have been proposed based on stratigraphic, structural, metamorphic, and magmatic criteria (Julivert et al., 1974; Farias et al., 1987) . In the SW transect of the Iberian Massif, three zones separated by suture-type contacts have been differentiated (Fig. 1a) : the South Portuguese Zone (SPZ), the OssaMorena Zone (OMZ), and the Central Iberian Zone (CIZ). The general tectonic vergence of this transect is to the SW, with the SPZ being a foreland with Devonian and Carboniferous rocks affected by folds and thrusts (Oliveira, 1990) . The OMZ and the CIZ represent the innermost zones of the orogen made up of Precambrian to Devonian preorogenic rocks affected by Late Palaeozoic metamorphism and ductile deformation, which are responsible for the development of penetrative foliations and large-scale structures (Simancas et al., 2001) .
The OMZ/CIZ contact ( Fig. 1b) has been considered a suture of the Variscan orogen according to its metamorphic and tectonic evolution Matte, 1986; Azor et al., 1994; al ., 2001, 2002) . This is further supported by the change of the structural vergence through the OMZ/ CIZ boundary (Simancas et al., 2001) and by a number of obvious stratigraphic and palaeontological differences between Ordovician, Silurian, and Devonian sequences to the NE and to the SW of this boundary (Robardet, 1976; Robardet and Gutiérrez Marco, 1990) . All these data emphasise the importance of this tectonic boundary and point to the possible existence of an ocean between the OMZ and CIZ in Lower Palaeozoic times. In fact, geochemical characterisation of sheet-shaped, strongly deformed bodies of basic rocks included in this contact has enabled us to recognise two groups of metabasites corresponding to (i) a Late Precambrian orogeny (Cadomian) probably originated from a continental tectonic scenario, and (ii) a Late Palaeozoic orogeny (Variscan) generated in an oceanic context during the Early Palaeozoic extensional stage preceding subduction and collision (Gómez-Pugnaire et al., 2003) .
Lithostratigraphy and structure of the OMZ/ CIZ boundary
The boundary between the OMZ and the CIZ has been considered to be a major left lateral and subvertical ductile shear zone (the Badajoz -Córdoba Shear Zone, Burg et al., 1981; Matte, 1986) . According to some authors, the Badajoz -Córdoba Shear Zone represents a polyorogenic terrain that underwent a high-pressure, high-temperature Late Precambrian (Cadomian) metamorphism, followed by a low-grade Late Palaeozoic one (Variscan) (Quesada, 1990; Abalos et al., 1991) . For other authors, radiometric, structural, and stratigraphic data (Azor et al., 1993 Ordóñez Casado, 1998) indicate that the metamorphic evolution of the Badajoz -Córdoba Shear Zone may be of Variscan age. Accordingly, Azor et al. (1994) have redefined the Badajoz -Córdoba Shear Zone by stating its boundaries in a more precise way and by restricting it to a narrow band made up of highly sheared and distinctively metamorphosed rocks. This band, which has been called Central Unit (Fig. 1a and b) , is made up of rocks that are neither represented in the CIZ to the NE nor in the OMZ to the SW.
Lithostratigraphy
The Central Unit is made up of metasediments, orthogneisses, and amphibolites organised in a sequence in which the structural top is located to the NE (Fig. 1c) . The lower part of the sequence is dominated by orthogneisses and amphibolites ( Fig.  1c) with minor metasediment intercalations, mainly consisting of migmatitic paragneisses. By contrast, the upper part is dominated by metasedimentary rocks (garnet-bearing micaschists with minor quartzite intercalations, see Fig. 1c ) and only a few orthogneissic bodies. Three types of orthogneisses can be established according to their textural and compositional features (leucocratic orthogneisses, biotitic augengneisses and amphibole-bearing orthogneisses; Azor et al., 1994) . These generally appear strongly deformed and metamorphosed, thus making it very difficult to establish primary relationships among the different kinds of orthogneisses as well as between these, on the one hand, and the metasedimentary rocks, on the other. At outcrop scale, the orthogneisses are foliated and organised in metre-to hectometrescale bodies with lithological contacts parallel to the foliation. Most of them can probably be taken to represent granitoids intruded in the metasedimentary rocks prior to the Variscan metamorphism and deformation. The radiometric ages currently available for the orthogneisses range from Middle Cambrian to Middle Ordovician (for a complete review, see Azor et al., 1995; Ordóñez Casado, 1998) . These radiometric data provide a minimum age for the metasediments included in the Central Unit that must be lowermost Palaeozoic or Precambrian.
The amphibolites form metre-to hectometre-thick lens-, dyke-or elongated-shaped bodies parallel to the foliation (Fig. 1c) . They appear intercalated with the orthogneissic lithologies, showing along-strike dimensions in the range of several hundred metres to a few kilometres. In some outcrops, centimetre-to metrescale lenses of calc-silicate rocks (mainly Cpx + Grt) and ultramafic rocks are also found within the gneissic lithologies. Two main textural types can be differentiated: (i) strongly foliated garnet-free amphibolites, and (ii) garnet-bearing amphibolites with no welldefined foliation. Both types can be found either as separated bodies or together in the same body, always with the garnet-bearing amphibolite in the central part.
These relationships suggest that the two textural types represent different intensities in the deformation and hydration processes. Accordingly, garnet-bearing amphibolites were preserved only in those places where deformation was not very penetrative. This precluded the progression of the hydration of initial low-water content parageneses.
Structure
During the structural evolution of the Central Unit, a ductile shearing event was followed by two later generations of folds. The main deformation is a ductile shearing that affects the whole unit, thus producing an intense planar -linear fabric. The mylonitic foliation strikes on average NW -SE and dips variably due to the late folding. The stretching lineation is subhorizontal or gently plunging to the NW or to the SE. Shear criteria associated with the planarlinear fabric indicate a left lateral sense of movement when the foliation is subvertical or steeply dipping and top to the NW when the foliation dips moderately to the NE. The later folds affecting the planar -linear fabric are as follows: first, a generation of folds with SW-dipping axial surfaces (Fig. 1c) and, second, a generation of NW -SE-striking upright folds.
The lower part of the Central Unit underwent higher pressures and temperatures (685 -700 jC at 15 kbar; Abalos et al., 1991 , but see below) than the upper part (600 jC, 10.5 kbar), with telescoping of the metamorphic isograds. The present visible thickness of the Central Unit is of 3-4 km and the difference between peak pressure in their lower and upper parts is at least of 5 kbar, thus suggesting a thinning of approximately 15 km. In addition, at the contact between the Central Unit and the CIZ, there is a metamorphic gap in pressure and temperature: the CIZ, which overlies the Central Unit, recorded a maximum pressure of about 5 kbar (López Munguira et al., 1991) , which, when compared with the approximately 10 kbar in the uppermost part of the Central Unit, can be taken to imply a gap of about 15 km. On the whole, a vertical thinning of about 30 km can be estimated. These data led Azor et al. (1994) to claim that the left lateral shearing affecting the whole Central Unit must have, in addition to the obvious and dominant left lateral movement, a normal (extensional) component.
Petrography and mineral chemistry of amphibolites
In this work, we study amphibolites from seven different outcrops (Fig. 1b) belonging to the lower part of the sequence of the Central Unit. Five of these outcrops occur in the southeastern part of the unit (Fig. 1b) , near La Cardenchosa (samples BCA, CA, and LC), Arroyo Argallón (samples AA), and Cerro de las Mesas (samples CM). The other two outcrops appear more than 50 km to the northwest at Cortijo de Peñarresbala (samples CPR) and Pocico (samples PC).
Petrography
The grain size of the amphibolites varies from c 1 mm to c 1cm. Rocks with contrasting grain sizes and mineral composition may occur in sharp contact with each other, thus reflecting original igneous features and/or different intensities of deformation. Coarsegrained garnet-free amphibolites appear either as separate bodies or in contact with, and surrounding, garnet-bearing amphibolites. They are made up of:
The most abundant mineral is a subidiomorphic green amphibole which defines the foliation of the rock. Plagioclase and quartz appear as smaller-sized subrounded grains. Titanite and ilmenite form small dispersed round grains, sometimes grouped as elongated aggregates parallel to the foliation. Biotite and epidote are secondary phases related to the low-grade alteration of the amphibole.
Garnet-bearing amphibolites range from dark green, texturally homogeneous rocks with round garnet grains (1-2 mm) embedded in a fine-grained amphibole matrix, to banded, coarse-grained amphibolites with large (up to 5 mm) garnet porphyroblasts. Their mineral composition consists of:
The most abundant mineral, especially in the finegrained amphibolites, is a subidiomorphic brownish amphibole (commonly zoned towards a green-coloured rim) with a perfect nematoblastic texture. It defines the main foliation of the rock except in those samples with a coarser grain size, in which amphibole grains resemble the gabbroic texture of the igneous clinopyroxene. In some cases, the amphibole displays a mylonitic texture with undulose extinction.
The textural relationships between the plagioclase and the amphibole can be regarded as complex. Changes in their relative abundance define the conspicuous layering observed in many samples, in which plagioclase may occur together with granoblastic clinopyroxene and quartz. In other cases, plagioclase and amphibole occur as fine-grained symplectites which can be interpreted as the final replacement product of high-pressure clinopyroxene.
Garnet is ubiquitous in almost all the samples although its abundance and grain size (up to 7 mm) may vary to a considerable extent. It usually appears as rounded subidiomorphic to xenomorphic porphyroblasts. In strongly mylonitised rocks, garnet occurs as xenomorphic stretched grains. Garnet porphyroblasts are always full of inclusions of quartz, plagioclase, amphibole, rutile, titanite, ilmenite, and, less commonly, clinopyroxene, and zoisite. Garnet is more often than not partially transformed at the rim or along fractures to bluish-green amphibole and plagioclase. The extent of this replacement is very variable ranging from a fine-grained symplectite of amphibole and plagioclase at the rim of garnets to the complete transformation of large garnet grains.
Clinopyroxene has been observed only in a few samples. It may appear in the form of globular symplectites (Joanny et al., 1991) with plagioclase, usually surrounded by brownish amphibole. Symplectites of this kind are commonly interpreted as the first retrogression product of the original eclogite-facies omphacite. In other cases, this texture is no longer preserved and clinopyroxene occurs as larger recrystallised xenomorphic grains. The relative age of the clinopyroxene -plagioclase symplectites and the brownish amphibole is not clear although the latter has been taken to grow later than the clinopyroxene (Abalos et al., 1991) . Actually, the diverse textural relationships between them (symplectites surrounded by amphibole, symplectites in the border of amphibole, and amphibole inclusions in the symplectites) can be taken to suggest that they may well be simultaneous.
Plagioclase is ubiquitous in all the amphibolites studied in this paper. In coarse-grained rocks, largezoned plagioclase grains occur, which probably reflect a former gabbroic origin.
Zoisite and clinozoisite have only been found as prismatic inclusions within garnet in rocks, which are richer in CaO than those zoisite-lacking ones (see Table 2 ).
Ti minerals occur in all of the samples studied. Rutile is very abundant and appears as xenomorphic or even skeletal grains, some of which can be very coarse-grained (up to 7 -8 mm). Rutile grains may present rims of ilmenite and titanite or only titanite. In some cases, rutile is not present, the Ti-bearing phases being ilmenite and titanite.
Biotite can be very abundant in highly retrograded samples. It grows in the rim of amphibole or in the contact between the amphibole and the garnet. Late chlorite, associated with garnet or forming veins, is very scarce. Another rare retrograde phase is xenomorphic scapolite occurring as poikiloblasts associated with actinolitic amphibole and, in some cases, also with calcite and epidote.
Mineral chemistry
Samples have been analysed in an electron microprobe (Cameca SX50) at the University of Granada. An acceleration voltage of 15 kV, a beam current of 20 nA, and a beam diameter of 8 Am were used. Standards were natural and synthetic substances. The data were reduced using the PAP procedure from Pouchou and Pichoir (1985) . Representative analyses and chemical formulae from the different minerals are shown in Table 1 ; mineral and end member abbreviations are after Kretz (1983) .
Garnet is rich in almandine (47 -66%), grossular (21 -37%), and pyrope (5-24%); it is poor in andradite (0-6%) and spessartine (0.5 -6%) (Fig. 2a) . The highest andradite values correspond to small relic garnets in a strongly retrograded sample. No systematic compositional variations can be said to exist between garnets in contact with different mineral assemblages although there can be observed significant changes between samples from different outcrops. These differences are then probably controlled Ions calculated on the basis of: Amp-13 cat À (Na + K + Ca), 23O; Cpx-4 cat., 6O; Grt-16 cat., 24O; Pl-32O. by the bulk rock composition as revealed by the comparison between Fig. 2a and Tables 1 and 2 in Gómez-Pugnaire et al. (2003) . Garnet from Mg-rich cumulates (sample LC-2) has substantially higher pyrope content than more differentiated Fe-rich samples (e.g., sample PC-5). Garnet-zoning profiles are rather flat (Fig. 2b ) and they probably reflect compositional equilibration at peak pressure conditions (see below).
Clinopyroxene is always diopside with the only exception of rare jadeite-rich relic grains (up to 36% jadeite) found in the clinopyroxene -albite symplectites. Jadeite-rich clinopyroxenes have also been described as inclusions in garnet (Abalos et al., 1991; Azor, 1994) . In the symplectites, acmite contents are always low ( < 2.5%) and X Mg [X Mg = Mg/(Mg + Fe 2+ )] ranges between 0.7 and 0.83 with clear variations among samples from different outcrops. Granoblastic clinopyroxenes from Pocico are poorer in jadeite ( < 1.2%), acmite ( < 0.7%), and X Mg (0.55 -0.59).
Amphiboles with different compositions are found in these rocks (Fig. 3a) . All the grains analysed in the present study, with the exception of one ferrobarroisite, are calcic amphiboles. Hornblende and tschermakite are the most common amphiboles in all the samples. By contrast, actinolite has only been found in one sample, and pargasite, edenite, and hastingsite only appear in clinopyroxene-bearing amphibolites. In addition, blue amphibole rims are always pargasite. These amphiboles can be characterised as having a typical amphibolite facies composition with no rests of eclogite facies amphiboles (barroisite) (Molina and Poli, 1998) .
The composition of the amphiboles studied can be described as a complex solid solution between the linearly independent components tremolite, tschermakite, pargasite, and glaucophane. X Mg ranges between 0.331 and 0.89, except in Pocico amphibolites, where it varies between 0.23 and 0.43.
The compositional variation observed in the amphiboles can be described in a VI Al + Fe 3 + + 2 Ti vs. Na M4 plot (Fig. 3b) . For the sake of clarity, we only represent the data corresponding to one representative sample (CM-5b), with zoned brown amphibole in the matrix and blue amphibole in the rim of garnets. This sample also features the highest Na content measured in clinopyroxene and lacks extensive late retrogressive assemblages (biotite or chlorite). This enables one to avoid the possible interference of bulk rock compositions. Fig. 3b shows how the compositional change from higher-pressure tschermakite and hornblende in the core of brown amphiboles to lowerpressure green rims is produced by a decrease in both Na M4 and VI Al + Fe 3 + + 2Ti. The formation of the pargasite-and tschermakite-rich blue amphibole rims around garnet is mainly controlled by the local composition of this latter mineral. This can be taken to be in consonance with textural evidence and with the different trend shown by the analyses plotted in Fig. 3b . This hypothesis is also supported by the phase compatibilities analysis shown below. Furthermore, it can be established that the formation of the bluish amphibole rims around garnet must have taken place during the late evolution of the rock as it involves not only the consumption of garnet but also that of green amphibole and second-generation plagioclase (Fig. 4) .
The composition of plagioclase (Table 1) shows a clear Ca enrichment with pressure decrease. Thus, the highest albite contents (An 12 -An 15 ) are found in the clinopyroxene -plagioclase symplectites produced by the breakdown of omphacite. Plagioclases in contact with brown amphibole show anorthite enrichment from core to rim (An 14 -An 26 ). The highest anorthite content (up to An 44 ) has been found in the plagioclase associated with bluish amphibole, which form rims resulting from the breakdown of garnet.
Titanite has low Al 2 O 3 ( < 4.3%), FeO ( < 0.82%), and F contents ( < 1.1%). Epidote, when present, has high iron contents (X Ep = 0.45 -0.48). Scapolite occurs as a retrograde mineral in several samples although it shows clear compositional differences between the grains analysed in Pocico samples [higher Na contents, EqAn = 0.41-0.45, where EqAn=(Al À 3)/3] and those from other outcrops (lower Na contents, EqAn = 0.55-0.58).
Phase compatibilities
Petrographic observations suggest the phase relationships shown in Fig. 4 (Table 2 ). Other components, such as TiO 2 , may be ignored, as suggested by Greenwood (1975) , given that for each additional component, only one mineral is formed (rutile or titanite) and the variance of the system does not change. The metamorphic reactions involving Ti minerals do not affect the other phase relationships. The chemographic relationships corresponding to the abovementioned sample CM-5b are shown in the A -C -FM -N(K) tetrahedron, projected from excess quartz and H 2 O (Fig. 4) . Representative chemical compositions of the minerals plotted in Fig.  4 are shown in Table 1 .
Chemographic relationships can be compared with reaction stoichiometries calculated from the analysis of phase relations between the assemblages observed using the program Cspace of Torres Roldán et al. (2000) . This program is based on the algebraic technique of singular value decomposition formulated by Fisher (1989 Fisher ( , 1993 .
Both the chemographic relationships and the phase relations calculated, together with the observed textures, allow us to deduce the following sequence of assemblages and reactions.
(1) The older minerals that can be found in the rock are garnet (Grt) and relic jadeite-rich clinopyroxene (Cpx-0). According to the pseudosections calculated (see below), these minerals can be concluded to have coexisted at peak pressure conditions with other phases such as chlorite, glaucophane, and paragonite (Fig. 6) . The latter minerals (not shown in Fig.  4a ) completely disappeared during the subsequent heating of the rock, giving place to the formation of brown amphibole (Amp-I) and the preservation of jadeite-rich clinopyroxene (Cpx-I), which also coexisted with newly formed albite-rich plagioclase (Pl-I) (Fig. 4a) . Garnet was still very abundant at this stage; however, compositional reequilibration did not affect it in spite of the change in pressure and temperature, which can be taken to point to a very rapid exhumation process.
(2) The hydration reaction:
explains the formation of green pargasite-rich amphibole (Amp-II) in the rims of brown amphibole and the growth of Ca-richer pyroxene (Cpx-II) and plagioclase (Pl-II) (Fig. 4a) , without garnet growth or consumption.
(3) The late reaction:
is also in agreement with textural observations because it explains the reported consumption of garnet at this stage and the growth of bluish amphibole (Amp-III) + plagioclase (Pl-III) rims (Fig.  4b) . 
Metamorphic evolution
The occurrence of high-pressure assemblages in the metabasites of the Central Unit was first reported by Mata and Munhá (1986) . More recent and detailed studies in several other outcrops from the Central Unit (Abalos et al., 1991; Azor, 1994) have shown that these rocks must have undergone peak pressure conditions in the eclogite facies P -T field ( P z 1.5 GPa and T = 600 -700 jC). This stage was followed by an essentially isothermal decompression to amphibolite facies ( c 720 jC at 0.8 GPa) and greenschist facies conditions (Azor, 1994) . Nevertheless, Abalos et al. (1991) proposed that high pressures were followed by decompression and significant heating (0.7 GPa, 770 jC) as well as a subsequent sharp increase in pressure (1 GPa at 620 jC) before the final cooling.
The age of metamorphism in the amphibolites of the Central Unit has been obtained by applying several methods on different minerals. These datings indicate a Late Silurian (427 F 45 Ma, Sm/Nd on garnet, Schäfer et al., 1991) Quesada and Dallmeyer, 1994) .
Thermobarometry
In this work, estimation of the P -T conditions undergone by the rocks during metamorphism has been made with three different methods: conventional thermobarometry, average P -T approach (Powell and Holland, 1994) , and calculation of pseudosections following Connolly and Petrini (2002) . The results obtained with the first two methods are discussed in this section, while the pseudosection approach is considered later on.
Conventional thermobarometric methods have been applied to amphibolites from several localities using the following thermometers: garnet -clinopyroxene (Ellis and Green, 1979; Powell, 1985) and garnet -hornblende (Graham and Powell, 1984; Holland and Blundy, 1994) ; and barometers: garnetplagioclase-clinopyroxene -quartz (Newton and Perkins, 1982; Powell and Holland, 1988; Moecher et al., 1988; Eckert et al., 1991) and garnet -plagioclasehornblende -quartz Spear, 1989, 1990 ). The results obtained (Fig. 5a ) must be considered with caution especially if one takes into account the following: (i) the existence of substantial evidence of intense retrogression in numerous rocks, and (ii) several pieces of evidence pointing to the lack of compositional reequilibration of garnet after peak pressure conditions (see below).
Apparently, the most consistent results are those obtained for sample CM-5b. The P -T conditions calculated for the sequence of mineral assemblages found in this sample are shown in Fig. 5a . Na-rich Cpx-I reflects the highest pressure conditions (at least 2 GPa at T c 660 jC) recorded by the observed mineral assemblage. These pressures, belonging to the eclogite field, are very high for the plagioclase to remain stable, unless the bulk rock composition was very rich in Na 2 O, which is certainly not the case (see Table 2 ). This inconsistency is probably induced by the preservation of the high-pressure composition of garnet during the retrograde evolution of the rocks. This problem may well have affected the P -T estimates for those assemblages stable at lower pressures despite their apparent reliability. Cpx-II and Amph-I coexisting with plagioclase were stable at P c 1.3 GPa and T c 575 and 625 jC, respectively; green Amph-II grew at slightly lower pressures (c 1.1 GPa) and higher temperatures (c 650 jC). Thermobarometers applied to the later blue Amph III -Plag III assemblage result in temperatures above 750 jC and P c 1.1 GPa. In sample LC-2, we obtained higher temperatures (c 660 jC) and lower pressures (c 1.1 GPa) for Amph-I and both lower temperatures and pressures (590 jC and 0.75 GPa) for Amph-II. In the amphibolites from Pocico outcrop, the stability conditions of amphiboles are similar to those reported above, whereas clinopyroxene has a wider stability field towards lower pressures.
These results indicate that the main assemblage of the less retrograded amphibolites (those without chlorite and biotite) must have crystallised at relatively high pressure and temperature, following an essentially isothermal or slightly cooling decompression path from the higher-pressure conditions represented by relic Cpx-I (Fig. 5a ). The relative low temperatures obtained for Cpx-II probably reflect chemical disequilibrium with garnet. The abnormally high temperatures obtained for Amp-III are probably due to both their chemical compositions outside the calibration range of the thermobarometers used and the above mentioned local compositional control.
An alternative approach to the calculation of the P -T conditions of the stable mineral assemblages of a rock is the average P -T method of Powell and Holland (1994) , which calculates an independent set of reactions representing all the possible equilibria between the end members forming the minerals of a rock. The displacement of these equilibria to coincide with the P -T of formation of the minerals is mainly made by varying the activities of the mineral end members (Powell and Holland, 1993, 1999; Holland and Powell, 1996) in proportion to their uncertainties (Powell and Holland, 1994) .
The results obtained from the application of this method to the three mineral assemblages coexisting with Amphibole I, II, and III, respectively, in sample CM-5b are shown in Fig. 5b . P -T estimations obtained with conventional thermobarometry are also shown for comparison. The temperatures estimated are considerably higher than those obtained with conventional thermobarometers in the case of Amphibole I (T = 782 jC, sd = 47) and Amphibole II (T = 795 jC, sd = 138), but they are lower in the case of Amphibole III (T = 708 jC, sd = 103); sd is the standard deviation value. The pressures obtained ( P = 1.58 -1.09 GPa) are very similar to those deduced before for the amphiboles; however, it must be pointed out that with this approach Amphibole III is stable at the lowest pressures. Accordingly, the P -T path deduced from the average P -T estimates (almost isothermal decompression followed by strong cooling) is more consistent with the textural relations observed and the sequence of assemblages obtained from the phase compatibility analysis.
Phase relations
The reported P-T estimates as well as those from previous works (Abalos et al., 1991; Azor, 1994) were established with inverse modelling thermobarometric methods, in which the mineral compositions employed are assumed to be in chemical equilibrium. Nevertheless, no tests are usually provided to support the equilibrium assumption.
Thermodynamic modelling of phase relations for a given bulk rock composition (phase diagram section or pseudosection) is a valid alternative approach to the thermobarometric methods utilised above. The diagrams resulting from the use of this method are easier to understand than more complex phase diagrams. In addition, these can be useful in thermobarometry because many assemblages have highly restricted stability fields for a specific composition. The main drawback of this type of analysis is that an effective thermodynamic bulk composition (Stüwe, 1997) must be defined, which, in the case of natural systems, does not necessarily coincide with the bulk rock composition. In the amphibolites under study here, it happens that there actually exist relics from every stage in the evolution of the rock (from the peak pressure garnet to the several amphibole generations through the intermediate symplectite pyroxenes) which should be taken into consideration as they modify the bulk composition by reacting at each stage of the evolution of the rock concerned.
Despite these limitations, pseudosections offer a practical model for the average behaviour of rocks in metamorphic systems (Connolly and Petrini, 2002) . In the amphibolites studied here, pseudosections certainly allowed us to establish not only the overall retrograde evolution of the metabasites in response to changing intensive variables, but also to find out part of the prograde path of these rocks and to evaluate the importance of water saturation and undersaturation in the formation and preservation of the mineral assemblages observed. The calculation method employed here is the Vertex free energy minimisation computing method described in Connolly (1990) and Connolly and Petrini (2002) . This method allows us to calculate the compositions of the stable minerals as a function of pressure, temperature, and bulk rock composition. In the pseudosection approach, the nonlinear free energy composition surfaces of solution phases are approximated by inscribed polyhedra. Thus, pseudosections, defined by environmental variables, such as pressure and temperature, are discretised by a polygonal mesh (Connolly and Petrini, 2002, their Fig. 5a ).
We have calculated two pseudosections for each of two samples of interest: CM-5b (Figs. 6 and 7 ) and CM-7b (Fig. 8a and b) . For both samples, the first pseudosection (Figs. 6 and 8a) was calculated with H 2 O in excess and is considered to be suitable for examining the prograde path (Carson et al., 1999) , while for the retrograde history (Figs. 7 and 8b ), calculations were done at fluid (H 2 O) undersaturated conditions (Guiraud et al., 2001) .
The two amphibolites selected were sampled at the Cerro de las Mesas outcrop and a common metamorphic history can be plausibly assumed for them. In sample CM-5b, garnet compositions corresponding to peak pressure conditions are preserved as well as clinopyroxene and plagioclase grains with different Na contents and three generations of amphibole. Additionally, chlorite is absent, thus indicating that a late retrogression hydration event did not take place, which allowed us to determine the metamorphic evolution of the rock from peak pressure to lower pressure and temperature conditions (Figs. 6 and 7) . The bulk rock composition of this sample (Table 2) is similar to, although nonetheless slightly SiO 2 -poorer than, the bulk basaltic compositions investigated experimentally at amphibolite and eclogite facies conditions (see Poli, 1993 and references therein) and in subduction zones (Poli and Schmidt, 1995) . In sample CM-7b, garnet is crowded with inclusions of zoisite. Modelling of the stability conditions of this latter mineral makes it possible to establish the prograde path of the rock before peak pressure conditions were reached (Fig. 8a) . The wider stability field of zoisite in this rock is also explained by its CaO-richer bulk composition when compared with sample CM5b (Table 2) .
Phase relationships have been calculated for the system SiO 2 -Al 2 O 3 -CaO -Na 2 O -FeO -MgO, a pure water fluid phase (H 2 O), and the mineral thermodynamic database of . The following solid solution models have been used: nonideal chlorite for the clinochlore, daphnite, amesite, and ferroamesite end members], albite-rich plagioclase (Newton et al., 1980) , nonideal quasi-ordered omphacite [Holland and Powell (1996) for the diopside, hedenbergite, jadeite, and omphacite end members] used in conjunction with the nonideal disordered model of clinopyroxene [Holland and Powell (1996) for the diopside, hedenbergite, and jadeite end members] and garnet [ternary model of for the grossular, pyrope, and almandine end members]. In the case of amphibole, despite the lack of good quality thermodynamic data and solid solution models, an ideal solid solution model was employed for the glaucophaneferroglaucophane end members and the nonideal model of Powell and Holland (1999) for the tremolite, ferrotremolite, tschermakite, ferrotschermakite, pargasite, and ferropargasite end members.
A double test for the validity of this analysis can be obtained: (i) by comparing the sequence of assemb- (Table 2) at H 2 O-saturated conditions. Univariant fields are depicted by heavy solid lines, divariant fields by white fill, and higher variance fields by progressively darker shading. Unlabelled phase fields can be deduced from the rule that adjacent phase fields differ by only one phase (Connolly and Petrini, 2002) . The computed phase relationships are only valid for the prograde metamorphic evolution of the rock. The proposed P -T path (thick arrow) has been estimated on the basis of the combined results obtained from this figure (black solid line) , Fig. 7 (long dashed line) and Fig. 8a (short dashed line). (b, c, d ) Contour lines indicating the variation in the mole fraction of diopside and jadeite end members in diopside (b), almandine and grossular end members in garnet (c), and anorthite end member in plagioclase (c). Light shaded fields represent the stability conditions for the observed compositions of the assemblages Grt -Cpx-0 (big shaded field) and Cpx -Pl-I (small shaded field) (see text and Table 3 for details).
lages observed in the rock with the sequence of stable assemblages obtained with the calculated phase diagram section, and (ii) by comparing both the predicted and the compositions actually observed for the minerals of interest (Connolly et al., 1994) (Table 3 ). The latter test provides an estimate of the P -T equilibrium conditions for the assemblage found in the rock. The predicted compositions for the different minerals are represented as contour plots of the mole fractions of the end members of interest (e.g., Fig. 6b -d) . The modal amounts of minerals along the estimated P -T path in Figs. 6, 7 , and 8 are shown as percent volume in the profiles of Fig. 9a . The change in density along this path is shown in Fig. 9b . Contour plots as well as modal and density profiles were calculated with a collection of FORTRAN computer programs included in the package containing Vertex (Connolly and Petrini, 2002) .
Prograde path
The metamorphic prograde path for the reported samples has been obtained by combining the results of the pseudosections shown in Figs. 6 and 8a.
Peak pressure conditions were estimated in Fig. 6 (shaded field at around 525 jC and 1.9 GPa) by comparing the predicted compositions for clinopyroxene (Cpx-0) (Fig. 6b) and garnet ( Fig. 6c) with the observed ones (Table 3) . At these P -T conditions, plagioclase was not stable yet and the two minerals must have coexisted with chlorite, glaucophane, and paragonite. These three latter phases were completely consumed during the subsequent stage of heating and decompression (heavy solid line in Fig. 6a) . A number of variations in modal proportion along this path, as shown in Fig. 9a , can be taken to indicate that this was a consecutive process. Chlorite was first consumed, thus being responsible for the simultaneous growth of garnet, as evidenced by the almost symmetrical but inversely correlated profiles of the two minerals (Fig.  9a) . Similar relationships can be established between abundancies of glaucophane and clinopyroxene and, in turn, after consumption of chlorite between those of paragonite and garnet (Fig. 9a) also. Thus, the lack of inclusions of chlorite, glaucophane, and paragonite within garnet can be explained, firstly, by arguing that these minerals were being consumed while garnet was growing, and, secondly, by invoking their scarcity in the rock when garnet grains were more abundant and presumably also larger in size (Fig. 9a) . A final and relevant implication of the paragonite breakdown was the release of the highest amount of H 2 O (up to 0.54% volume) during the whole metamorphic evolution ( Fig. 9a ; note that the water content profile is enhanced by a factor of 100), which contributed to the quick growth of amphibole. Simultaneously, and in line with the estimated peak metamorphic temperatures, growth of plagioclase and consumption of clinopyroxene and garnet must have taken place. At these conditions (small shaded field at approximately 725 jC and 1.6 GPa in Fig. 6b) , the compositions predicted for plagioclase and clinopyroxene can be seen to match those observed in the rock for clinopyroxene-I and plagioclase-I (Fig. 6b,d , Table 3 ). Despite a number of differences regarding stability conditions, jadeite contents are similar in Cpx-0 and Cpx-I, as shown by the predicted composition of clinopyroxene along the proposed P -T path (Fig. 6a,b) .
The composition predicted for garnet coexisting with clinopyroxene-I and plagioclase-I features similar almandine although, nevertheless, higher pyrope and lower grossular contents than those found in the rock (Fig. 6c ). These differences suggest that despite the strong heating, diffusion in garnet must have been very slow after peak pressure when compared with the exhumation rate of the rock.
Prograde metamorphic conditions prior to the peak pressure can be ascertained from the zoisite inclusions found in garnets from sample CM-7b. As evidenced by the pseudosection calculated at H 2 O-saturated conditions (Fig. 8a) , zoisite was an abundant stable phase in this rock prior to the growth of garnet. Thus, a tentative compressional path can be drawn (heavy solid line in Fig. 8a ). This prograde path, once applied to sample Note that modal amounts of water are also represented but strongly enhanced (for the sake of clarity) by a 100 factor rate. (b) Variation of density against pressure for sample CM-5b (thick solid line) following the same P -T path as above. The modal profiles of water, paragonite, garnet, and amphibole are also depicted for comparison. CM-5b (short dashed line in Fig. 6a ), enables us to explain the growth of abundant clinopyroxene-0 after the breakdown of omphacite (Fig. 9a) . The assumption of a common metamorphic evolution for both samples would imply the growth of kyanite in sample CM-7b at conditions close to the thermal peak (Fig. 8a) . The molar amounts of kyanite computed are, nevertheless, always lower than a 4% volume, and they must have being consumed during the subsequent retrograde evolution of the rock, thus explaining why this mineral cannot be observed in this sample.
Retrograde path
Modelling of phase relations after the peak temperature has been done in the rocks under study here with pseudosections in which H 2 O was not a saturated component (Figs. 7a and 8b ). In this type of diagrams, few or no changes at all can be claimed to have occurred in the mineral assemblage after fluid-absent conditions have been reached (Guiraud et al., 2001 ). This explains the preservation of mineral assemblages from the metamorphic peak. The validity of this assumption can be tested by comparing the mineral assemblages observed in the Cerro de las Mesas amphibolites (mainly amphibole, plagioclase, garnet, and clinopyroxenes) with those mineral assemblages remaining stable during retrograde metamorphism in the pseudosections of Fig. 6a (H 2 O saturation) and Fig. 7b (no saturation in H 2 O). According to Fig. 6 , chlorite would have appeared in the rock at temperatures below 600 jC and pressures as high as 0.9 GPa. However, this mineral is completely absent from most of the studied amphibolites and the stable assemblage is the one predicted by Fig. 7a .
The main drawback in determining the precise P -T conditions during retrograde metamorphism from these pseudosections is the high thermodynamic variance of the predicted mineral assemblages. (Note that an increasingly darker shading of the fields in the pseudosections indicates increasing variance). Despite this limitation, a P -T path can be proposed (heavy solid arrow in Fig. 7a ) based on the composition of amphibole (Fig. 7b) , clinopyroxene (Fig. 7c) , and plagioclase (Fig. 7d) .
The determination of the stability conditions of amphibole is highly constrained by the solid solution model available for this phase, which does not include glaucophane. The computed chemical composition of amphibole has been represented as contour lines showing the variation in the proportions of the tremolite, pargasite, and tschermakite end members (Fig. 7b) . These variations did not make it possible for us to calculate separately the P -T conditions at which amphiboles similar to the observed Amphibole I and Amphibole II were stable. Nevertheless, a broad field has been depicted, which better compares with the whole compositional variation comprising both amphibole generations (shaded field, Fig. 7b and d ) as well as with the anorthite contents reported for plagioclase I (Table 3) . Isopleths for X Mg values in amphibole are represented separately in the diagram (dashed lines in Fig. 7b ). The computed X Mg values for the shaded field compare well with those reported in the rock (Table 3) . It must be pointed out that the growth of amphibole must have occurred at P -T conditions, in which H 2 O was still present (Figs. 7a and 9); later on, the fluid was completely consumed and modal amounts of amphibole remained constant along the proposed metamorphic path (Fig.  9a) .
The metamorphic conditions for the growth of Amphibole III cannot be modelled with this kind of pseudosections because they are controlled by local compositions around garnet rather than by the bulk rock composition.
The P -T conditions at which clinopyroxene II and plagioclase II grew can be determined only in a very loose way. Jadeite content in pyroxene and, to a lesser extent (but in the opposite direction), anorthite content in plagioclase are strongly controlled by pressure ( Fig.  7c and d) . Diopside content in clinopyroxene is also essentially pressure-dependent at pressures above 1.3 GPa. This is consistent with the first part of the retrograde path being essentially isothermal and, with the growth of amphibole, the anorthite enrichment of plagioclase and the formation of jadeite-poorer and diopside-richer clinopyroxene.
At pressures below 1.3 GPa, diopside contents in clinopyroxene become more temperature-dependent (Fig. 7c) , the path becoming a decompressional and strongly cooling one (Fig. 7a) . The only modal changes occurring during this stage are the growth of more calcic plagioclase and the decrease in the clinopyroxene contents which becomes diopside-richer, thus approaching the composition of clinopyroxene II (Table 3) .
Along the retrograde evolution proposed, the calculated composition of garnet (not shown in the diagrams) would get poorer in grossular and pyrope and richer in almandine. The lack of compositional changes in the garnets observed may well indicate that the final decompression and cooling stages must have been very fast, thus preventing a diffusional compositional reequilibration process from taking place.
Discussion and conclusion
Despite the fact that amphibolites crop out in limited quantities in the Central Unit, their origin and tectonic significance are, nevertheless, key aspects so as to fully understand the significance of the OMZ/CIZ boundary. Amphibolites included in this boundary underwent a tectonometamorphic evolution during the Variscan orogeny, in which subduction and continental collision were followed by fast exhumation owing to oblique extensional processes . The P -T path proposed (Figs. 6, 7, and 8) accords well with this interpretation. Peak pressure conditions (1.9 GPa and 550 jC), estimated for garnet -clinopyroxene, were followed by a strong heating and slight decompression, during which the latter two minerals coexisted with chlorite, glaucophane, and paragonite. At peak temperature conditions (1.6 GPa and 725 jC), relatively important amounts of water were released owing to paragonite breakdown reactions. This fluid was consumed by the growth of amphibole in a short period of time, during which high temperature conditions were maintained although a strong decompression occurred also (1.18 GPa). The final retrogression event must have taken place at fluid-absent conditions, with preservation of previously formed assemblages including high-pressure relics of jadeite-rich clinopyroxene and grossular-rich garnet.
The influence exerted by the fluids released at peak temperature conditions in driving those reactions (in this case, amphibole production) leading to a sharp reduction in density of the eclogitic rocks (Miller et al., 2002) can be clearly observed in Fig. 9b . The density profile along the P-T path proposed shows an abrupt decrease, which coincides with the paragonite breakdown and the growth of amphibole. This decrease in density would have increased the buoyancy of the rock mass, thus contributing to the uplift and exhumation of the rock, as indicated by the sharp isothermal decompressional path shown in the diagrams. Besides, exhumation of the high pressure rocks of the Central Unit has also been explained in terms of an intense thinning related to the shearing affecting the whole unit Simancas et al., 2001) . Petrological and geological arguments suggesting a rapid exhumation of the Central Unit are also supported by the geochronological investigations of Ordóñez Casado (1998), who estimated minimum exhumation rates for the studied metabasites between 1.4 and 14.6 mm/yr.
Retrogressive P -T paths deduced in several other high-pressure terrains of the Variscan belts (e.g., O'Brien et al., 1990; O'Brien and Carswell, 1983; Bosse et al., 2000 and references therein) have usually been related to high exhumation rates also. In fact, a number of similarities concerning both the general geological setting and the metamorphic evolution can be established between the amphibolites of the Central Unit and the ones occurring in several high-pressure and low-to-medium T terrains throughout the Variscan belt (O'Brien, 2000) . These similarities point to a common evolution during the collision and subsequent exhumation of all these high-pressure terrains.
